manner. The rapidity with which these shoal-forming waves spread once the initial conditions are satisfied is indicative of the advantage the group has over the isolated individual in transferring information over great distances. Our observations also provide ecosystem-scale evidence that a critical population density triggers rapid transition from disordered to highly synchronized behavior, and small groups of leaders often play crucial roles in affecting the actions of much larger groups, as has recently been predicted in general theoretical investigations (19, 21, (27) (28) (29) , simulations, and laboratory experiments (26, 27) about animal group behavior (20, 30, 31) . These findings provide information essential to the conservation of marine ecosystems that vast oceanic fish shoals inhabit. 35 . This research was supported by the National Oceanographic Partnership Program, the Office of Naval Research, and the Alfred P. Sloan Foundation and is a contribution to the Census of Marine Life. We would like to thank the science parties, officers, and crew of the research vessels Oceanus, Endeavor, Delaware II, and Hugh Sharp.
Supporting Online Material Little is known about the genetic contribution to individual differences in neural networks subserving cognition function. In this functional magnetic resonance imaging (fMRI) twin study, we found a significant genetic influence on brain activation in neural networks supporting digit working memory tasks. Participants activating frontal-parietal networks responded faster than individuals relying more on language-related brain networks. There were genetic influences on brain activation in language-relevant brain circuits that were atypical for numerical working memory tasks as such. This suggests that differences in cognition might be related to brain activation patterns that differ qualitatively among individuals.
T he direct link between genes, brain, and behavior can be difficult to establish (1) . Structural and functional investigations in the human and mouse brain suggest that some genes are expressed in highly specific brain regions, whereas other genes have more global effects (1-4). The total heritability of individual differences can be examined with twin studies (5) (6) (7) (8) . Functional magnetic resonance imaging (fMRI) studies investigating specific brain regions assumed to subserve some cognitive function did not demonstrate high heritability of brain activity (9) (10) (11) (12) (13) (14) . Genetic influences on brain activation in areas that typically subserve a cognitive function might be modest because these areas will be activated similarly among humans. By contrast, brain regions activated in some individuals only might be better candidates for genetic analysis. Thus, genetic effects should be tested cortex-wide.
Structural and functional brain investigations suggest that brain areas that are similarly activated among humans may be embedded in larger brain networks that vary among individuals (1, 4), possibly causing individual differences in cognition. An attractive candidate for the study of genetic influences on brain networks is working memory for digits under arithmetic distraction. Heritability estimates for behavioral measures in this task are high (15) , and stable individual differences in the spatial organization of function-carrying areas were shown (16) . A distractor task causes an interruption of verbal rehearsal, leading to rapid forgetting (17) . The decay model of working memory (18, 19) states that numbers can be retained without explicit verbal rehearsal, but it does not specify neural correlates of these memory processes. The triple-code model (20) claims that number processing and arithmetic require both magnitude and language-related number representations in inferior parietal cortex, angular gyrus, and perisylvian cortex. Individuals holding numbers in memory in a language-related or magnitude code suffer from code interference when executing arithmetic tasks. Employing early motor coding routes protects memory traces from distraction (21) , which corresponds to the importance of finger representations for number processing also in adulthood (22) .
For genetic fMRI studies, appropriate brain alignment, sufficient individual differences, reliability, and statistical power are of core importance (6, (23) (24) (25) . We used an extended twin design consisting of male monozygotic (MZ) twins with an additional nontwin brother, where every brother is related to both twins. We examined reaction times (RT) as a measure of proficiency and blood oxygen level-dependent (BOLD) response as a measure of relative brain (de)activation (26) during two identical scanning sessions in all participants. These two observations of the phenotypes of interest were entered into a genetic structural equation model (SEM) that estimates additive genetic effects corrected for measurement error (23) . Heritability h 2 was expressed as the percentage of reliable variance accounted for by additive genetic factors. With 10 families, sufficient power (0.82) is provided to detect (a = 0.05) a heritability of 80% or more after correction for measurement error (accounting for one-sixth of the variance) in a bivariate design (23) (24) (25) .
In the digit memory tasks (15) , participants had to verify (recognition phase) whether a single digit was contained in a previously memorized digit set (encoding phase) that consisted of either two (DTM2) or four (DTM4) digits. The tasks differed in the distraction phase, which consisted of either simple arithmetic interference (additions and subtractions) or of object categorization (fruits, vegetables, kitchen utensils, and tools). The latter was employed with a memory load of four digits (DTC4), because two digits did not provoke sufficient individual differences (25) .
Heritability of brain activity at the vertex level was estimated for BOLD contrasts (23) (24) (25) (26) (27) separately for the encoding, distraction, and recognition phase of the working memory tasks. A substantial part of response time (tables S2 and S3) and brain activity ( Fig. 1) proved to be under genetic influence (red-blue color scale) (25) (more detailed images in fig. S10 , A to I). Genetic effects were found bilaterally and included visual cortex, angular gyrus, intraparietal sulcus (IPS), temporoparietal junction, motor and premotor cortex, frontal eye field, inferior frontal gyrus, cuneus, and anterior cingulate cortex (ACC), regions related to working memory functions (28) . Both number interference tasks show genetic influences on larger parts of the brain. Genetic influences were smaller for the DTC4 task that includes less resource competition. Genetic influences were modulated by memory load; they were high for DTM2 during encoding and high for DTM4 during recognition.
Next, we looked for brain areas that were significantly (de)activated among most participants. Brain areas with consistent BOLD responses (transparent yellow in Fig. 1 ) are considered to be typically supporting a cognitive function. We found fronto-parietal activations regularly encountered in studies of working memory (28) ; in line with the triple-code model, there were activations in perisylvian language-related areas and in inferior parietal number magnitude estimation areas. This activation pattern was found only for the encoding and the distraction phase. Absence of consistent left hemisphere activation during recognition with previous arithmetic distraction indicates number interference, but no interference effect was found for object categorization as a distracting activity.
We focused on individual differences in brain activation patterns because heritability and brain activation maps revealed only partial overlap (Fig. 1) . Relative frequency of brain activation (RFBA) maps reflect the percentage of participants with significant brain activation, and standard deviation maps illustrate variation in brain activation contrasts. Figure 2 reports these maps for DTM4 recognition (25) . Genetic influences on left fronto-parietal, perisylvian and visual cortices go along with higher standard deviations and more individualized brain activation. The partial overlap between heritability and brain activation maps suggests two mechanisms for genetic influences on brain activity: Genes can influence brain activation patterns that reflect systematic quantitative differences in regions characterized by between-subject consistency in a significant BOLD contrast (red-blue, overlaid with transparent yellow in Fig. 1 ), but genes can also affect qualitative differences in cognition through the employment of qualitatively different neural processes. The latter case might lead to absence of a significant BOLD contrast at the group level (red-blue only), but it is in line with characteristics of genetics: Regions with more intersubject variability are more likely to show genetic effects (25) . If genes affect typical as well as atypical areas of brain activation subserving cognition, this raises three questions: (i) Are brain activations under genetic influence interpretable in terms of cognition? (ii) Are the two mechanisms for genetic influences on brain activity related to behavior? (iii) May genes affect neural networks that are highly individualized in nature? Question (i): Digits that suffered from arithmetic interference are retrieved from memory via a righthemispheric network comprising inferior parietal and temporal areas with low memory load and inferior parietal and inferior frontal areas with high memory load. These brain regions are reminiscent of an evolutionary old memory system found in primates (29) . The absence of activation in left hemispheric language and number magnitude related cortices suggests that the arithmetic interference tasks impair the number semantic and verbal aspects of digit memory, whereas the object categorization interference task does not (Fig. 1) . In the distractor phase, there is a genetic influence on Fig. 1 . Error-corrected heritability estimates (red-blue scale, based on data from two identical scanning sessions) of functional brain activations for three working memory tasks, and significant group-level brain activation contrasts against resting baseline (transparent yellow), visualized on an inflated, cortically aligned average brain, separately for left (LH) and right (RH) hemispheres with encoding, distraction, and recognition phase from left to right: DTM2 resp.; DMT4: two resp., four digits memorized with arithmetic distraction; DTC4: four digits memorized with object categorization as distraction. Red: heritability > 80% detectable with statistical power > 0.82; light blue: heritability 60 to 80% (power > 0.44); dark blue: heritability < 60% (power < 0.44). (Fig. 1) . It is most extended in the high load plus arithmetic distractor condition, exerting the highest load on the executive processor (18) . In the left hemisphere, there is substantial heritability of activation in the angular gyrus, but only for number interference tasks. The latter finding suggests number-specific retrieval mechanisms from long-term storage (18, 20) . In the recognition phase, there is a genetic influence on arithmetic distraction in the left parietal cortex, extending into the frontal cortex for high working memory load. This suggests that retrieval from the working storage (18) is under substantial genetic influence, but without significant group activation effect. This implies that conventional brain activation analyses at the group level might be less informative for genetic differences research.
Some participants showed strong activation effects outside the confines of average brain activation, indicating that this does not necessarily represent the relation between brain anatomy and working memory function (16) .
Question (ii): In particular for the number interference tasks, we showed that memorizing numbers with the involvement of cortices supporting a number magnitude code (IPS) and/or a language-related code (Broca's area) suffered from code interference. This code conflict may be inferred from increased activation in anterior cingulate cortex, which was a good predictor of both response times in the distracting arithmetic and the recognition memory phase (figs. S5 and S6). In contrast, participants activating a finger representation system in anterior IPS monitored by prefrontal cortex showed no conflict and were faster for both response measures.
Broca's area and the angular gyrus were not significantly activated at the group level due to a mixed pattern of activation and deactivation. Nevertheless, for Broca's area there were genetic influences on brain activity (Fig. 3 , B to D) that were related to reaction time (Fig. 3A) , which in turn was genetically influenced (table S3 ). In conclusion, encoding processes act like a switch that affects participants' processing for the whole working memory experiment (figs. S4, S7, and S8). Atypical, but genetically influenced, brain activation topology shows its impact through neural networks that directly affect genetically influenced behavior (1, 25) .
We found the most extended brain area with significant genetic influences on brain activation outside the confines of the average brain activity maps in the DTM4 recognition phase in the left hemisphere (Fig. 2) . One way to demonstrate that this brain activation is not due to regional noise is to show that activations among regions covary.
Question (iii): Activation data for the DTM4 recognition phase from the left brain areas showing genetic influences on brain activation in atypical areas were subjected to SEM. Results suggested the presence of a hippocampus-guided, visual recognition network that is partly under genetic influence. Moreover, an extended network-including areas for language-related number processing as postulated in the triple-code model-was under genetic influence ( fig. S9) . A similar network has been identified at the anatomical level (4).
Our findings demonstrate that genetically influenced differences in brain activation patterns exist, causing qualitative differences in neurocognitive processing routes. (table S6A) , and there was a genetic influence on RT (table S3) .
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